CROON 
ep we 
he. | 


-_ 
oO 
oO 
© 
N 
fe?) 
co 
= 
= 
— 
io) 
N 
= 
9 


CSRD TR-79-02 


Municipal Traffic Control Systems 
for | 

Ontario Municipalities 

Phase ! Report 


G. Heti 
Project Research Officer 
Control Systems R & D 


D. Whitehead 
Consultant 


Deleuw Cather, Ltd. 


March 1979 


ABRARY 
JAN 2 7 1981 


Approved by: 


E.R. Case 

Principal Research Officer 

Control Systems R & D 

Systems Research and Development Branch 


Ontario 


Ministry of 
Transportation and 
Communications 


Research and 
Development 
Division 


Reprinted May 1980 


Contents of this report may be reproduced for 
non-commercial purposes, in whole or in part, 
with attribution to the Ministry. 


go a 
i | 


a 


Digitized by the Internet Archive 
in 2024 with funding trom 
University of Toronto 


httos://archive.org/details/31761118928001 


CONTENTS 
Summary 
1. Introduction 


2. Computerized Traffic Control 

2.1 Background 

2.2 Control Concepts 

2.3 System Components 
2.3.1 Central Facility 
2eaec lOCal Intersection Control 
2.3.3 Vehicle Detectors 
2.3.4 Communications 
2.3.5 Control Software 


3. Benefits of Centralized Traffic Control 
3.1 Traffic Performance 
3.2 Maintenance 
3.3 Operations 
3.4 Staffing 


> 


- Status of Traffic Control in Ontario Municipalities 
4.1 Central Control Systems 
4.2 Arterial Masters and Local Controllers 
4.3 Traffic Problems 
4.4 Operations 


S- Traffic Control Requirements for Ontario Municipalities 
5-1 Summary of System Requirements 
5-2 Essential Requirements 
5.3 Desirable Features 
5.4 Optional Requirements 


(o>) 


- Survey of Available Computerized Traffic Control Systems 
6.1 Comparative Evaluation of Available Systems 
6.2 Detailed System Descriptions 


CONTENTS CONT'D 


7. System Procurement and Installation 


7.1 Council Approval and Funding Commitment 


7.2 Selection of System Requirements 


leo Preparation of Tender Documents 
7.4 Evaluation of Technical Proposals, Costed Bids, Contract Award 


7.5 System Implementation and System Acceptance 


8. Conclusions 


9. Recommendations 


10. Bibliography 


11. Acknowledgements 


Appendices 


A Glossary of Terms 
B MICS Questionnaire 
C Questionnaire Summary 


Lister Tables 


Table 1/ Summary of Three Types of Master Control Systems 


Table 
Table 
Table 
Table 
Table 
Table 
Table 
Table 


Table 


2/ 
3/ 
4/ 
o/ 
6/ 
fe 
8/ 
9/ 


Ontario Municipalities With More Than 20 Signals (1977) 
Centralized Traffic Control Systems Operating in Ontario 
Controllers Operating in Ontario Municipalities 

1977 Planned Equipment Purchases 

Sources of Traffic Congestion 

Preponderance of Congestion 

Traffic System Performance 

Planned Traffic Control System Acquisitions by 

Ontario Municipalities 


10/ Available Systems Description Summary 


Table 11/ Summary of Available System Component Costs 


List of Figures 


Figure 1/ Computer System Components 


7b 


SUMMARY 


The use of digital computers to control traffic was pioneered in Toronto 
in the late fifties. In spite of the fact that Toronto has continued to be a 
leader in computerized control research, Ottawa has been the only other Ontario 
city to take advantage of the benefits of computer control in the last 19 years. 

The MICS Study was undertaken to examine the needs of small and medium- 
sized Ontario municipalities for computer control, to estimate the benefits of 
computer control and to define the most appropriate role for MITC to play in 
fostering the appropriate use of computer systems. 

A questionnaire was distributed to municipalities which indicated that 
several cities are planning to upgrade their traffic signal control equipment in 
the immediate future. Several other cities find their systems obsolete and in 
need of replacement or not sufficiently powerful to cope with growing traffic 
problems. It is reasonable to assume that it will soon be cost effective for 
these cities to upgrade their control systems. 

After this contact with municipalities a list of system requirements was 
developed to reflect the perceived needs of Ontario municipalities. In parallel 
with this activity, data on available traffic signal control systems was 
assembled and an evaluation of existing systems was undertaken. The current low 
costs of computer-based traffic signal systems (roughly $5000 per intersection) 
dictated that this evaluation concentrate on computer technology. A comparison 
_was then made between the perceived needs and the available systems. It was 
found that a number of off-the-shelf systems exist which can meet the needs of 
Ontario cities. 

There exists, nevertheless, some significant obstacles for municipalities 
to overcome in procuring cost-effective computer systems. Chief among these is 
the relative complexity of computer technology and the general lack of famili- 
arity with this technology by municipalities and local consultants. 

The study concludes that there is a significant role for MIC to play in 
providing information and expert advice to municipalities and in co-ordinating a 
joint procurement of computerized control systems involving municipalities 
indicating an interest; to date, Oshawa, Kitchener and Brantford. The procure- 
ment activities leading to system installations will begin in early 1979 and 
should lead to fully-operational systems in the three municipalities by mid 
1980. 

The MICS Project is expected to lead to substantial traffic control bene- 


fits to Ontario municipalities. 


26 
1. INTRODUCTION 


The Municipal Traffic Control Systems (MTCS) Project was initiated at a 
time when computer based traffic control systems were being installed primarily 
in large municipalities. These systems were characterized by their requirement 
for trained computer operators and programmers and substantial software and 
hardware development to meet the particular requirements of the end user. Costs 
were often in excess of $10,000 per intersection. The process of acquiring 
systems called for much preliminary work prior to procurement which involved the 
combined efforts of traffic engineers, consultants, and systems engineers. Once 
contracts had been signed and the work undertaken, severe difficulties in meet- 
ing design goals were often encountered. Schedules tended to slip and costs 
escalate. In the late 60's and early 70's several companies supplying such 
systems entered and quickly left the field. 

This gloomy picture explains in part the reticence of some municipalities 
to acquiring computer-based systems, even though these systems have the poten- 
tial of improving the traffic management capabilities of even well-run traffic 
control offices. The goal of the MICS Project was to make the acquisition and 
operation of computer-based traffic signal systems possible for a small to 
medium-sized municipality. The main obstacles standing in the way of municipa- 
lities acquiring such systems were: ; 

1. A lack of standard systems appropriate to the needs and capabilities of 

medium-sized municipalities. 

2. A lack of widespread expertise in the local consulting and traffic en- 

gineering community to help define requirements and supervise the acquisi- 

tion of computerized systems. 

3. The prohibitive cost of acquiring systems requiring unique specification 

preparation and hardware and software development. | . 


In order to overcome these difficulties the following approach was taken 
in the MICS project: | 

1. Investigate the needs and capabilities of Ontario's municipalities in 

order to determine the essential requirements of any computerized traffic 

control system. 

2. Investigate and evaluate available computerized traffic control systems 

to determine their applicability to meet the requirements of Ontario 

municipalities. 

3. Prepare a standard system specification for a system that reflects the 

needs of municipalities and can be supplied by a number of manufacturers 

without requiring extensive software and hardware development. | 


Se 
4. Implement a system that meets the above specification in one or more 
Ontario municipalities. 


Since the start of the project important developments in the computerized 
traffic control field have taken place. Computer-based systems have become less 
complex, less costly and more reliable. Suitable systems are now available off 
the shelf. Experience gained by manufacturers in their initial installation 
efforts have led to the evolution of "standard" systems which meet or exceed the 
requirements of most municipalites. 

Total system costs now are in the range of $5000 to $6000 per controlled 
signal. The systems can be operated by traffic control office staff without 
previous computer training. The effort required to maintain and operate the 
systems has become significantly less demanding. Most systems allow unattended 
24-hour-a-day, seven-days-a-week operation. 

This timely advance in the state-of-the-art of computerized traffic control 
makes possible, if not unavoidable, the acquisition of such systems by a large 
number of Ontario municipalities. It is the objective of the MTCS project to 
assist as many as five or six municipalities in acquiring such systems by mid- 
1980 by means of joint procurements, co-ordinated by MITC. 

This report summarises the work completed to date in this effort. Chapter 2 
summarizes the historical development of computerized traffic control and the 
elements that make up such a system. Chapter 3 explores the benefits of compu- 
terized traffic control. Chapter 4 presents findings on the status of traffic 
control in Ontario based on a questionnaire circulated to over forty Ontario 
municipalities. Chapter 5 deals with the traffic control requirements of Ontario 
municipalities based on the questionnaire findings. Chapter 6 contains the 
summary and evaluation of available traffic control systems. Chapter 7 covers 
the procurement approach which is recommended to acquire the specified systen. 
Chapter 8 covers conclusions reached by the study staff. Chapter 9 contains the 
recommendation for Phase II, the demonstration phase of the project. 

The recommendations suggest that since a number of municipalities are ready 
and anxious to upgrade their traffic control systems, a joint procurement be un- 
dertaken under the management of a team composed of municipal representatives, 
consultants and Ministry staff. Such an approach will be highly cost effective 
and provide Ontario with a network of computer based systems that will allow 
users to get the most out of their system through mutually beneficial coopera- 
tion with each other and the Ministry in an ongoing program of improvements. 


2. INTRODUCTION TO COMPUTERIZED TRAFFIC CONTROL SYSTEMS 


2.1 Background 
The development of traffic control signal systems for urban streets has 


paralleled the development and use of the automobile. For their foundation, 
traffic control systems depend to a great extent on the technology of 
Signalling systems developed for the railroads. Interconnected signal sys- 
tems had their start in Salt Lake City in 1917, where six intersections were 
manually controlled in a single system. In 1922, in Houston, Texas, 12 in- 
tersections were controlled as a simultaneous system from a central traffic 
tower. This system was unique in that it used an electric, automatic timer. 

Six years later, in 1928, a flexible-progressive pretimed system was 
introduced. These pretimed systems were quickly accepted, and widespread 
installation followed until they were common in virtually every city. It 
could be speculated that their success was the result of (1) their simpli- 
city - almost any electrician could understand them, (2) their reliability - 
rugged components were used, so that with minimum maintenance, they could be 
installed and forgotten, and (3) their relatively low cost. 

It was recognized, however, that the early pretimed systems had limited 
flexibility. They could respond to traffic changes only as well as their 
operator could predict them and preset the systems to change on a time clock 
basis. But predicting traffic conditions was difficult because of the 
efforts needed for data collection and the variability of traffic. Timing 
changes usually were avoided because of the time required to go to each 
local intersection controller to make the required changes. | 

Traffic-actuated local controllers using pressure detectors became 
available during the period 1928-1930. These controllers were a first step 
toward traffic-actuated control, but were only applicable to isolated 
intersections. 

As a step toward advancing the state-of-the-art of traffic control systems, 
an analog-computer control system was developed and installed in Denver, 
Colorado, in 1952. This system attempted to apply some of the concepts of 
actuated isolated intersection control to signalized networks. Sampling 
detectors were used to input traffic flow data, and the system attempted to 
adjust its timing on a demand, rather than time of-day basis. Over 100 of 
these type systems were installed during the 10 year period from 1952 to 
1962. 


5. 

Like the analog computer, the digital computer became available as a 
traffic-engineering tool in the 1950's. The first successful application 
occurred in Toronto in 1959, when a pilot study was undertaken on Eglinton 
Avenue. The study was successful enough to prove the feasibility of using 
digital computers to control traffic flow. Before that time, existing 
automatic-control techniques were not sufficiently advanced to handle 
Toronto's traffic congestion problems. Following this Toronto study, there 
developed a steady increase in the application of the computer in traffic 
control systems. Today over 100 communities in North America are operating 
digital computer-based traffic control systems. 


Je GOnLro Concepts 


The computer is only the latest tool available to the traffic engineer 
to try to optimize vehicular traffic movement in urban areas. Coordination 
of traffic signals, the most effective aid in utilizing available roads to 
their maximum capacity, may be achieved in many ways using a variety of 
techniques and equipment. 

A number of Ontario municipalities are operating centralized traffic 
control systems, MTSS being the most widely used. The MTSS system can co- 
Ordinate of an unlimited number of intersections through the transmission of 
Synchronization pulses and split, dial, and offset select commands to inter- 
connected intersections. Up to 3 dials, 3 offsets and 2 splits and a small 
number of special functions may be selected from the central console either 
manually or on a time-of-day basis. Communications is over a multi-pair 
cable using direct DC or AC signals or over telephone lines using tone 
telemetry. A number of independant subareas may be controlled, with the 
subareas being defined by the configuration of the communications network. 

MTSS types of systems are available from suppliers today. Although the 
equipment performing the control and communications functions is up to date, 
utilizing microprocessor-based control logic and possibly digital communi- 
cations techniques, the control concepts and capabilities are not 
substantially improved. 

Improvements in traffic control and traffic management may be achieved 
only by changing the control concept, not the equipment performing the work. 
Computerized traffic control systems being installed in many large and small 
cities today provide improved traffic control not because they employ 
computers as the control element, but rather because computers permit the 
implementation of control techniques not achievable through the use of 


non-computer equipment. 
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The main feature missing from the MTSS type of system is the capability — 
to bring traffic information and equipment performance data back to central. 
Traffic demand information can be used to select the most appropriate. signal 
timing plan to be implemented. The impact of the signal plan on traffic 
performance may be monitored and timings adjusted to further improve traffic 
movement. The concept of controlling traffic in response to measured traffic 
demand is called traffic-responsive control. 

A number of arterial control systems operating in Ontario are in fact: 
traffic responsive in a limited sense. Vehicle detectors placed in the 
roadway feed traffic volume and density (occupancy) information to the 
master controller. The master controller then selects the most appropriate 
preselected signal plan and commands local controllers to change dials, 
splits and offsets, as required, while maintaining coordination. Arterial 
masters are limited to controlling one subsystem and thus several such 
masters are required in a city of medium size. Naturally, central monitoring 
of equipment or vehicular demand is not possible. | 

Today's central masters, using minicomputers or microprocessors as the 
control element improve significantly upon both the MTSS type central 
masters and the arterial masters while providing the capabilities of both of 
these earlier systems they may potentially replace. 

Computerized traffic control systems (CTCS) have the capabilities to 
control traffic on a time-of-day, traffic-responsive or manual basis. A 
large number of subsystems may be controlled independently with subsystem 
boundaries not being limited by the fixed communications line network. 
Subsystem boundaries may be changed automatically by time-of-day or 
manually, by simply typing a few commands at the system console. 

Traffic responsive plan selection is achieved through more 
sophisticated pattern matching algorithms than are available with arterial 
master controllers. Efficient and effective timing plan transition routines 
reduce traffic disruption upon plan changes to a minimum. 

One CICS may replace several arterial and several area control systems 
in a municipality, while providing cost savings in the process. In addition, 
Operational problems are siginificantly reduced by the fact that most of the 
equipment is concentrated in the traffic control office. A medium-scale CTCS 
can control up to 250 intersections. 

The most significant advantage today's CTCS's have over earlier control 
systems is the amount of information that may be transmitted to central. 


Wie 
This information includes traffic flow data and equipment status informa- 
tion. This information permits the automatic creation of historical, traffic 
data bases, the continous evaluation of on-street traffic performance and 
the effective selection of traffic Signal plans to best meet existing 
traffic requirements. 

The capability to centrally select and control each display interval at 
the local intersection is also provided. By entering a number of a simple 
commands at the master console, the traffic engineer may change the length 
of any green interval to any desired value and within seconds receive con- 
firmation of the implementation of his newly entered timings. Most systems 
also permit the central selection and actuation of Special functionstsucheas 
flashing operations, changeable message signs or lane control. Confirmation 
of the operation is sent to central immediately upon implementation. 

The continuous monitoring of both controllers and detectors improve 
System operation, reliability and maintenance. The daily generation of 
traffic performance figures as well as a continuous log of malfunctioning 
components provides the traffic manager with a valuable tool to improve 
overall traffic operations. 

Table 1 summarizes the capabilities of the three types of master 
controllers available today: on-street masters, central masters of the MTSS 
type, and computer-based traffic control systems. 


2.3 System Components 


The major components of a traffic control signal control System are 
discussed in the following pages. Figure 1 depicts these components and the 
communications paths between them. In existing conventional Systems, the 
feedback paths, marked with dashed lines, do not exist. Thus, information 
from the street is not fed back to the central master to provide monitoring 
and surveillence information and to allow traffic responsive selection of 


Signal timing plans. 


Zep. Cental Facility 

The central facility of a traffic control system includes the 
central master, peripheral devices and communications elements. The 
central master in all but the largest systems is a mini-computer or a 
group of interconnected micro-processers. The exact nature of the 
central processer is of less importance than the characteristics and 


capabilities of the unit. 
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The key concern is that the amount of processing capability be . 
sufficient to meet both the short-term and possible long-term needs of 
the user. Processer speed and memory expansion capability must be such 
that the expected size of the system in five to ten years’ time can 
Still be accommodated in the machine with little modification. Most 
available smaller systems are designed to gracefully expand to allow 
control of approximately 250 intersections. 

The user must next decide whether he wishes to use the traffic 
control computer for purposes other than traffic control, such as data 
processing or general scientific computing. Computers which provide 
this added capability are more complex, more costly, less reliable and 
require greater operator expertise. Users who wish to keep their 
systems simple should not specify general computing capability in their 
central processor. | 

The user must be able to communicate with the computer. This 
Capability may be provided through an operator's console, which can 
take the form of a CRT terminal or typewriter connected to the 
computer. Qutput from the computer may be otained through a printer, 
or, where higher speeds are required, by a higher speed line printer 
which can produce several hundred lines of print per minute. 

Devices which permit the computer to permanently store large 
amounts of data are generally required. These devices serve as 
extensions to the computer's main memory and serve to store timing 
plans, traffic data as well as the control software for the system. 
The most common forms of mass storage are tapes, disks and floppy 
disks. Disks are favoured because of their reliability and speed as 
well as modest cost. 

In addition to producing data on a printer or CRT, most systems 
have the capability to display more grahically, system or intersection 
operation. A map of the network under control is often provided, with 
lights or numeric displays at controlled intersection to indicate 
anything from measured vehicle speeds to pedestrian calls and green 


intervals in force. Some systems offer console displays showing in 
detail one intersection with all signals and detector status. Displays 
of this type are useful not only for the Operator but also as visible 
and readily understandable symbols for viewing by the general public. 
The dual purpose of map disply should be kept in mind. 


2.3.2 Local Intersection Control 

Presently available computerized traffic control systems are de- 
Signed to operate with almost any existing local controller. As a 
minimum, the central computer times all the green intervals of a fixed- 
time controller. Semi-actuated control is most commonly achieved by 
issuing "yield" and "force-off" commands to the local actuated con- 
troller. More flexible control may be achieved by using so-called 
"system" controllers. These controllers are designed to operate with 
particular central systems and allow remote modification of phase 
sequences and interval lengths. | 

To allow existing electromechanical or solid state controllers to 
communicate with the central facility a communications interface unit 
(CIU) is required. This unit translates the computer's commands into 
appropriate relay actuations and translates controller and detector 
Signals into digital form for transmission to the central facility. The 
CIU contains both the communications elements and the logic circuitry 
to permit coordinated control of the intersection controller by the 
central. System controllers, containing the communications and logic 
elements found in CIU's may be used, eliminating the need for any 
additional intersection hardware. 

Solid state fixed-time controllers are also controlled in the 
fashion described above. With solid state controllers greater phasing 
flexibility may be achieved as more than one cam is generally 
selectable. 

Two techniques are commonly employed to centrally control pre- 
timed controllers; cam control and dial control. In the cam control 
method, the local time clock and dial are disconnected by the computer 
and the electrical path is diverted so that the computer controls a 
relay which causes the local controller to advance from one timing 
interval to the next. The computer thus controls each timing interval 


at each location directly. 
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With dial control, the computer controls Dial 2 and extends the 
preset minimum green intervals so that any given cycle length (above a 
predetermined minimum) and any combination of offsets and splits can be 
developed. Clearance and all-red intervals are generally not controlled 
from the computer. If computer control ceases for any reason, Dial 2 is 
released and Dial 1 automatically reselected. Dial 1 keys are set to 
provide appropriate stand-by timings. If the computer is shut down de- 
liberately, correct offset relationships between intersections may be 
established by the computer so that coordinated operation can be main- 
tained for some time even without computer control. 

Actuated control may be achieved in two ways. Actuated controllers 
may be controlled from the central facility by the transmission of 
"yield" and "force-off" commands. This form of control makes use of the 
built-in logic of the controller to select the appropriate "next" 
phase. The yield point defines the minimum interval length.while the 
force-off point defines the maximum time an interval may be in force. 
Through the use of yield and force-off commands actuated controllers 
may be used to provide semi-actuated control in a network. If deemed 
desirable, these controllers may be released from central control to 
Operate as fully-actuated controllers at certain times of the day or 
upon computer failure or shut down. 

A limited form of actuated control may be achieved using fixed- 
time controllers and some controller modifications. Phase skipping is 
difficult to implement but may be achieved through the use of special 
function commands. Most systems offer a number of special function 
commands. This feature may be used for actuating flashing advanced 
greens, turning signs on and off or for implementing a limited degree 
of phase skipping. 

System controllers with actuated control capabilities offer the 
greatest flexibility in intersection control. The controllers contain 
integral communication equipment, detector preprocessors and remotely 
alterable memories. As the communications capability is built into 
these controllers, a separate CIU is not required. Remotely alterable 
memory allows local controller standby timings, normally set at the 
intersection to be selected from the central master. Normal, as well as 
standby timings can in this way be modified without the need to visit 
the intersection. The drawback of system controllers is their greater 
cost and limited ability to interface with systems other than the one 
for which they are designed. Technological and marketing advances 
Should reduce these problems in the future. 


tis 
2.3.3 Vehicle Detectors 

A vital element of the total traffic control system is the 
Surveillance subsystem. The detection system provides all information 
upon which decisions and evaluations are made. Most applications to 
date have used inductive loop detectors for vehicle sensing. These 
detectors are relatively reliable and provide sufficiently accurate 
information for the analysis techniques in use today. 

Magnetometer and radar type units have been tried to a limited 
extent as vehicle detectors. Closed-circuit television has been used as 
part of surveillence systems; however television must be considered a 
Special purpose device in most applications; a supplement to some other 
basic surveillence system. 

The output required from system detectors is an accurate 
representation of the time a vehicle occupies a given zone, and the 
number of vehicles passing a point in the roadway in a given time. The 
length of occupancy is used to define travel Speed and level of 
congestion. | 

One function of the ICU is to process and transmit detector data 
to central. Rather than transmitting continously the detector Signal 
as it comes from the detector amplifier, the ICU accumulates volume 
and occupancy information for transmission once or twice per second. 
This is necessitated by the need to minimize communications line usage. 
Normally, occupancy accuracy of one part in thirty-one is provided. 
This is sufficient for most forms of control. Where vehicle Speed 
information is not crucial, occupancy information resolution may be 
Sharply reduced. In either case accurate vehicle counts are sent to 
central. 

Detector data is used for traffic responsive plan selection as 
well as for the generation of traffic surveillance data for signal 
plan optimization. Measures of effectiveness may also be derived from 
this information to permit comparison of the effectiveness of various 
forms of control and different timing plans. In addition, central moni- 
toring of detectors allows rapid identification of failed detectors. 
This, along with the monitoring of the functioning of controllers is 
One of the significant benefits of computerized traffic control. 


2.3.4 Communications 
The communications network which ties together the central 


processor and the local intersection equipment is the key and often 
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the most expensive element in the traffic control system. Because of 
its importance and high cost great care must be taken to select the 
most appropriate and cost effective form of communications available. 

Although non-wire forms of communications, such as radio, are 
available, very few actual installations use anything but cable to pro- 
vide the needed information channel. The options of owned or. Iéased 
lines must next be considered. It is generally desirable for the opera- 
ting agency to own its communications network because of the improved 
Service and maintenance that can be achieved. However, unless cable or 
at least conduit are already available, the cost of installing dedi- 
cated lines for traffic control needs is prohibitively expensive. Even 
amortized over twenty-five years, the cost of installing lines is 
generally several times greater than the cost of leasing lines of the 
same Capacity. 

Problems encountered by users operating over leased telephone 
lines must be pointed out. These problems may be technical or 
operational. Technical problems related to noisy or poor-quality lines 
can generally be overcome through sophisticated error detection 
schemes. More difficult to deal with are the problems related to poor - 
maintenance, slow response to needs and new installation requirements. 
It is strongly advised that where phone lines are to be used, early 
liaison be set up with the local representative of Bell to try to gain 
cooperation in the planned venture and some assurance of acceptable 
Ongoing Support. 

To minimize costs, especially of leased lines, multiplexing 
techniques are employed. Multiplexing means the use of one pair of 
lines to carry more than one channel of communications. One channel 
may be thought of as providing the required on/off signal to one relay. 
Frequency division multiplexing (FDM) creates separate channels over 
One wire pair by designating a different frequency or tone for each 
channel. Up to twenty separate channels may be created on a leased 
voice-grade line. Very common in the past, FDM is not widely used in 
modern systems because of cost, reliability, and convenience 
considerations. 

Time division multiplexing (TDM) provides distinct channels by 
allocating time to each channel within each communications interval. 
The number of channels that may be carried over a given line is 
limited by the electrical characteristic of the line and the 
communications equipment used. The number of intersections that may be 
served by one line depends on the amount of information required per 
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second per intersection. Typically, eight intersections and up to 32 
detectors may be serviced over two pairs of telephone lines. The 
communications mode is full duplex, TDM, with frequency shift keying 
(FSK). TDM is especially suited to computer systems as the digital 
format is readily accepted by digital computers. By full-duplex is 
meant the simultaneous transmission of information in both directions. 

Because of the prime importance of the communications network it 
must be reiterated that a great deal of attention should be paid to 
this aspect of any proposed system. 


2.3.5 Control Software 

Software is the set of program instructions stored in the computer 
which permit the implementation of desired control and operational 
Strategies. In software is contained all that defines the Operation of 
the computer as a traffic control device. 

Some mention should be made of the language in which software is 
written and the implications of different languages for the user. Com- 
monly, systems are available written in either assembler or in FORTRAN. 
Assembler programs will generally only work on one particular make of 
computer, while FORTRAN programs will run on most mini-computers and 
all larger general purpose computers with possibly some minor 
modifications. Perhaps more significantly, assembler language programs 
are substantially more difficult to understand and modify tnan FORTRAN 
programs and additions to software are equally more difficult to 
accomlish. FORTRAN language programs can simplify the exchange of 
programs between users and makes it possible for non-computer staff to 
at least understand the software package after some training. A 
Serious effort has been undertaken in the United States by the Federal 
Highway Administration to develop a standard traffic control software 
package written in FORTRAN, called UTCS. This package is now 
available, and is being accepted with mixed enthusiasm by users and 
Suppliers. 

A number of traffic control strategies of differing complexity 
and effectiveness have been tried to date. The most widely used is 
known as “First-Generation" type. The technique relies on the selection 
of appropriate traffic control plans from among a set of predefined 
timings, based on measured traffic levels. Detector volumes and occu- 
pancies are combined in some form and matched with patterns stored in 
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the computer. With each stored pattern is associated a particular set 
of signal and network timings. New plans may be selected as often as 
every five minutes but generally at least fifteen minutes must pass 
before a new plan is introduced. Detector information is constantly 
accumulated and processed and comparisons with stored patterns made. 
This is a highly refined and much improved form of the technique 
employed by traffic responsive arterial master systems commonly used 
today. 

All systems provide for time-of-day selection of timing plans. 
Time-of-day plans should form the backbone of any central system. They 
should provide a framework within which traffic responsive plans selec- 
tion is permitted on a selective basis. Available systems permit more 
than enough plans to be selected either by time-of-day or in response 
tO tras eic. Conditions. 

"Second Generation" control, still in the trial stage, involves 
the automatic generation of optimized signal settings based on 
real-time traffic data. Optimum settings may be produced and 
implemented as often as once every fifteen minutes. In "Third 
Generation" control, no network timings are generated, rather signal 
Settings are changed on a continuous basis. Much work remains to be 
done in this area. Both Second and Third Generation control do away 
with the need to produce signal timing plans by the traffic engineer. 
Should these techniques prove their effectiveness they will be a 
Significant step in the direction of simple, effective computerized 
traffic control. 
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3- BENEFITS OF CENTRALIZED TRAFFIC CONTROL 


Computerized traffic control systems benefit both the general public 
directly, in terms of improved on-street traffic performance, as well as the 
System operator by improving system flexibility, simplifying maintenance and 
reducing total operating costs. Improvements thus fall into three categories: 

1. Improved traffic performance 

2. Improved equipment maintenance 

3. Improved Traffic Department operation 


3.1 Traffic Performance 

The greatest improvement in traffic movement comes about when pre- 
viously isolated signals are interconnected and Operated in a coordinated 
fashion. A properly-timed coordinated system almost always shows significant 
improvements over'a non-coordinated system. Performance improvements of 30% 
to 50% are often quoted. These improvements are manifested in higher travel 
speeds, reduced accidents, reduced congestion and delay, and fewer stops. 
When translated into dollar terms the benefits accrued often return the 
capital invested in installing the system in less than one year. 

Where signals are already interconnected in a Single central system and 
Operating well in a coordiated fashion, direct traffic improvements offered 
by a traffic responsive central computer may be limited. Nevertheless, con- 
puter acquisition has almost always resulted in improved Crattic thow for 
the following reasons: 

- the method of offset transition is less disruptive to traffic; 

- the traffic responsive control algorithms are more sophisticated; 

- sophisticated on-line detector error checking is used to prevent 
control decisions based on bad data; 

- manual intervention is possible to allow the system to adapt to 
unusual events; 

- signal timings are updated more frequently; 


- up-to-date date base; 


There are also other significant benefits of computerized traffic con- 
trol which fall outside of what is strictly the control area but which can 


help justify computer acquisition. 
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3.2 Maintenance 

While efficient traffic movement is the prime concern of system users 
and operators, maintenance and the cost of system operations are additional 
concerns of those responsible for operating traffic control systems. It is 
the operator's responsibility to provide good service at an acceptable cost. 
The impetus to upgrade an existing system often comes about because of in- 
creasing maintenance and operating costs caused by aging equipment. Traffic 
may be moving in an acceptable manner but the time and cost involved in 
keeping the system operating may not be acceptable. In some situations, re- 
duced maintenance costs may be an important consideration in justifying 
computer acquisition. 

Two factors help to improve the reliability and reduce the maintenance 
costs of new equipment. The first is the higher reliability of components — 
manufactured today with solid state and integrated circuit technology. Thus 
any elements of an older system (controllers, communications, or central) 
which are replaced by new components will be inherently more reliable. New 
products often come with self-diagnostic capabilities, where a unit can be 
automatically tested and a faulty replaceable module located. Equipment 
repair can become simply a matter of field replacement followed by 
laboratory repair. 

The second cause of improved reliability is the instantaneous 
availability of complete information on equipment performance, not available 
with older systems. 

This information produces three principal benefits: 

1. Failures which would not be reported with older systems are noted and 
recorded; 

2. All failures are reported immediately and therefore immediate remedial 
action can be taken; 

3. The computer can aid in failure diagnosis by indicating the type of 
failure and the time of occurrence and its duration. This is especially 
useful for diagnosing intermittent failures. 

Because of the informaticn-handling capability of the computer, accu- 
rate up-to-date record keeping of failures becomes feasible. Automatic 
printouts of monthly or yearly failure histories can help identify 
troublesome components or failure types so that apppropriate action may be 
taken to correct recurrent problems. 

These attributes of the newer systems can significantly reduce 
maintenance costs and make possible the reduction of maintenance Staff while 
improving the reliability of all system components. 


Ure 
3.3 Operations 

By operations is meant the Management of the total traffic operations 
effort. This includes not only the day-to-day routine of maintaining the 
signals and controlling traffic, but also the less frequent requirements to 
add new signals to the system, to recalculate offsets, to retime control- 
lers, to count traffic, and to monitor System performance. 

Many of the previously time-consuming efforts are performed automa- 
tically by the computer while controlling signals. The factor that inakes 
more efficient operation possible is the amount of information available to 
the computer and the flexibility of control the computer can provide. Most 
computer controlled systems allow individuals without computer training to 
“converse” with little effort with the computer in a traffic oriented 
Tanguage. Signal timings are modified by simply typing a few commands at the 
system console. Implementation of these settings is confirmed at the console 
seconds later. Where a sufficient number of detectors are installed, the 
impact of the new timings on vehicle speed, occupancy, delay, and stops may 
be made available. 

Detector data fed back from the intersection is stored by the computer 
in a historical data base file. Detailed printouts of vehicular demand and 
other traffic parameters, for any period of time, can be produced at a later 
date. Such information is useful for planning studies and signal timing 
plan generation. Because the number of manual counts required is reduced, 
cost savings are also realized. 

The ready access to such traffic data offers the system operator the 
Oportunity to provide the public with the highest level of service at great 


cost efficiency. 


oe Stat fing 

It would be theoretically possible to profit from computerized signal 
control by maintaining the functions of Traffic Control, Maintenance and 
Operations at their previous levels and using fewer staff members. However, 
cities do not generally do this. The potential for improved operation is so 
great that most cities in fact find it cost effective to increase traffic 
Operations staff. This does not imply that computer systems require larger 
staffs to support them, but that computer systems offer so much potential 
for traffic improvement that a large percentage of the potential improvement 
may apear to be wasted unless additional human resources are added. 
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4. STATUS OF TRAFFIC CONTROL IN ONTARIO MUNICIPALITIES 


As part of the MICS project a questionnaire was circulated to over forty 
Ontario municipalities in January 1977. Questions covered the areas of local 
traffic problems, existing equipment, planned puchases, operations and 
manpower. 

The aim of the questionnaire was to determine the status of traffic control 
in Ontario and to provide information useful for the definition of system re- 

_ quirements. Table 2 (next page) lists the surveyed municipalities along with the 


number of signals operating therein. 


Appendix B contains a sample questionnaire and a list of participating 
municipalities. Appendix C contains the summaries of responses. The following 


section contains an analysis of the responses. 


4.1 Central Control Systems 

Eight municipalities surveyed had centralized traffic control equip- 
ment, either MTSS, Selectrol or Monotrol. Some of these Systems are operat- 
ing well, while others are causing problems as the equipment ages. Some 
components are expensive to replace and difficult to obtain, making system 
maintenance and expansion difficult. 

Table 3 below presents in summary the types of master control systems 
being operated in Ontario. Comments following the Table provide additional 
information. , 


No. of Signals 


City System Name on System Comments 


Kitchener/Waterloo MTSS 10 directly ie 

Selectro] 65 driven by MTSS i 
London MTSS 46 2 
Chatham MTSS 8 35 
Oshawa MTSS 47 Aa 
St. Catharines MTSS 33 5. 
Guel ph Selectrol 12 6. 
Belleville Monotrol 19 7s 
Sault Ste. Marie Monotrol 41/2 systems 8. 
Toronto Univac 1200 9, 
Ottawa Honeywell 700 300 10. 
Hamilton - 200 ae 


Table 3/ Centralized Traffic Control Systems Operating in Ontario. 


Municipality Number of Traffic Signals 
ee Ee TL. att eA Le pe OS: 


Toronto* 1200 
Ot tawa* 400 
Hamil ton* 250 
Kitchener/Waterloo 153 
Windsor | 150 
London 120 
Mississauga 126 
Sault Ste Marie i 
Oshawa 78 
Thunder Bay 77 
St. Catharines 79 
Guel ph 67 
Kingston 66 
Peterborough 64 
Sudbury 66 
Brantford 53 
Sarnia 54 
Burlington 49 
Cambridge 46 
‘Oakville 40 
Niagara Falls 46 
Cornwal ] 31 
North Bay ou 
Belleville 33 
Welland 34 
Brampton 35 
Barrie 29 
Chatham 23 
Richmond Hill 22 
Orillia él 


* Municipalities not surveyed 


Table 2/ Ontario municipalities with more than 20 Signals. (1977) 
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1. Kitchener/ Waterloo - MTSS, Selectrol 

A Selectrol system was installed in 1956 and upgraded in 19/1 to MTSS. The 
MTSS master is used to select timing plans on a time-of-day basis. The selected 
plans are passed on to the Selectrol communications system for transmission to 
the intersections, as the MTSS communications equipment has created many 
unsolved problems. Communications is over Bell lines. Selectrol is also 
Subject to periodic failure. Lack of equipment for expansion and aging existing 


equipment has precipitated a need to replace the existing system. ss 


2. London - MTSS 

MTSS was installed in mid to late 1960's. Long standing communications 
problems have recently been ironed out. The system is operating according to | 
Specification. Communications is over Bell lines at a yearly cost of $4,000 for 
45 pairs of lines. 


3. Chatham - MTSS 

The system was installed in 1967 and has been operating well since that 
time. In addition to controlling signals, MTSS also controls illuminated turn 
prohibition signs. Communications is over Bell lines. Future scope of the system 
is limited by the nature of the MTSS system. 


4. Oshawa - MTSS 

The system was installed in 1966. The system is operational but nearing the 
end of its useful life. Reed relays need replacing and expansion is difficult 
because of equipment shortages. Upgrading or replacement will be required in 
the very near future. Communications.is over leased Bell lines which cost $7000 
per year ror 4/7 pairs Of lites. 


Me. Sts: Gatharifies - MISS 
No information available 


6. Guelph - Selectrol 
System is no longer in operation. 


7. Belleville - Monotrol 
The system was installed in 1971 and is operating Satisfactorily. 


8. Sault Ste. Marie - Monotrol 

The first system was installed in 1962, the second in 1975. One system oper- 
ates the 25 CBD signals, the second 16 arterial signals, both giving 2 dial, 3 
offset operation. Five fire lane preemption routes are controlled by Monotrol. 
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Communications is over leased Bel] lines, one pair per intersection. The system 
is not responsive to traffic variations. Traffic responsive system will be 
considered to replace the existing system within the next few years. 


9. Toronto - Univac 

Toronto had the first digital computer controlled traffic control system in 
the world. Installed in the early 1960's it now controls over 1200 
intersections. The system is now being redesigned to permit necessary expansion 
and to replace aging components. Communications is over leased Bell lines using 
tones. Four pair of lines go to each intersection. The computer sends cam- 
advance commands to each intersection with 1/4 second resolution. Up to ten 
detectors per intersection may be monitored. 


10. Ottawa/Hull - Honeywell 

Ottawa has recently completed the installation of a computer-controlled 
traffic control system. At central are dual Honeywell H716 computers, using the 
OS/700 Executive. Communications is digital over leased Bell lines with up to 8 
controllers on two pairs of lines. Up to 32 detectors may be monitored per 8 
intersection. The computer sends advance commands to the intersections with Lf? 
second resolution. Traffic plans are selected from a large number of stored 
plans based on existing traffic conditions. The system is expandable to over 400 
intersections and 1000 detectors. 


11. Hamilton 

Hamilton is presently operating two locally designed central master control 
Systems installed in 1960. Approximately 200 of the city's 250 intersections are 
connected to the master controller. Communications is over city-owned seven- 
conductor cable with intersections connected in parallel or in a multi-drop 
fashion. Controllers have 3 dials with one offset per dial. Six functions may be 
controlled from central through direct AC activations of relays at the 
controller. The acquisition of a new computer-controlled system, given 


consideration in 1977, has been delayed. 


As indicated in Table 3 a number of municipalities are experiencing 
Operational and maintenance problems with their central master control system. 
Adequate replacement systems will have to be found very shortly if a deteriora- 
tion in traffic performance in these municipalities is to be avoided. Table 9 is 
a summary of planned system acquisition by municipalities as stated in the fal] 
of 1978. It is anticipated that a number of the cities sited under "other" wil] 


eventually end up with computer-based systems. 
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4.2 Arterial Masters and Local Controllers 

Twenty-two interconnected arterial sytems are operated by local 
masters. These systems range from single-dial interconnected to sophisticat- 
ed traffic responsive volume/density masters. 

Table 4 below shows the types of controllers operated by the munici- 
palities surveyed. Approximately half of this total is the CGE Type F. MTC 
Signals within the municipal or regional jurisdiction are also included. 


Controller Number Percent - Actuated Percent 
of Total Actuated 
MTC 108 5.9% 35 32% 
Electro-Mechanical 1167 6755% 163 14% 
Solid State 562 32.5% 183 32.6% 


Total 1637 100% 381 20.7% 


Table 4. Controllers Operating in Ontario Municipalities 


Municipal and Regional traffic offices were planning to install 
approximately 110 signals in 1978. A breakdown of controller types is shown 
below in Table 5. 


Electro-Mechanical Solid State 
Fixed time Actuated Fixed time Actuated 
43 14 0 54 


Table 5. 1977 Planned Equipment Purchases 


4.3 Traffic Problems 
A majority of Ontario municiaplities is experiencing traffic problems 
within their jurisdiction. Table 6 presents a Summary of the responses 


received. 


ae 


Congestion Cause Number of Municipalities Percent 

Industrial 28 76% 
Commercial 1) 30% 
Recreational Ad 30% 
Railroad 10 2/% 


Table 6. Sources of Traffic Congestion 


Some municpalities experience more than one source of congestion. Table 7 
below provides this summary. 


No. of Congestion Sources No. of Municipalities Percent 
None 3 8% 
one 1 iar: 35% 
two Ly 46% 
more 4 11% 


Table 7. Preponderance of Congestion 


Municipal traffic departments were asked to rate the performance of their 
existing traffic control system. The answers are summarized below in Table 8. 


Traffic Control System No. Of Municipalities Percent 
Good 5 13% 
Adequate 18 49% 
Needs Improvement 14 38% 


Table 8. Traffic System Performance 


Analysis of responses received indicates that congestion problems are ex- 
perienced in a majority of Ontario municipalities. In nearly 40% of municipal i- 
ties improvements to the traffic control system are required. 
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At the present time only three municipalities have indicated an intention to 
preceed with the purchase and installation of improved centralized control 
systems. This leaves more than ten municipalities with inadequate traffic 
control systems. As the cost of centralized traffic control continues to drop 
and effective systems that meet Ontario requirements are demonstrated, 
municipalities not yet ready or able to undertake system improvements may be 
encouraged to upgrade their existing system. Experience gained with the 
installation of the initial Systems during Phase II of the MTCS Project will 
Welp in’ this. process. 


Need Computerized System Other Systems 
Immediate - Brantford - Cornwall 

- Kitchener/Waterloo - Orillia 

- Durham (Oshawa) - Peel 


- Thunder Bay 
- North Bay 
- St. Catharines 


2-5 Years - London - Brampton 
- Sault Ste. Marie - Guelph 

- Oakville 

- Sudbury 

5-10 Years - Guelph — - Windsor 


- Burlington 
- Timmins 


Table 9/ Planned Traffic Control System Acquisitions by Ontario Municipalities 


4.4 Operations 


One section of the questionnaire dealt with municipal traffic control staff 
and signal operations budget. 

Eighteen jurisdictions reported having at least one traffic engineer with 
traffic engineering responsibilities on staff. A large number of other profess- 
ionals with traffic engineerig experience have primarily administrative respon- 
sibilities in traffic and transportation departments. There are thirty-three 
full-time and five part-time traffic technicians in traffic departments. 


aos 

The average operating budget was found to be $1750/signal/year in 1975. The 
total amount spent on Signal installation and maintenance was $3,066,000* in 
1975 and $3,411,000* in 1976 with a Subsidy of $1,128,000 for 1975 coming from 
MTC. 

The replies to the questionnaires provided material for voluminous 
Statistical analysis of dubious interest. One overriding concern was however 
voiced in the many interviews with respondents. This was the clear indication 
that budgets were tight, staff limited and chances for increased staffing 
Slight. The number one requirement for any system therefore has to be Simple 
Operation manageable by traffic engineering personnel. Systems have to be 
tailored to staff capabilities, rather than the other way around. This concern 
was noted and kept in mind during system requirement preparation and system 
review. 


* Amount shown is for municipalities surveyed through the MTCS questionnaire. 
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Dd TRAFFIC CONTROL REQUIREMENTS FOR ONTARIO MUNICIPALITIES 


The following section presents a list of system requirements with a brief 
description of each. The requirements are grouped into classes of: Essential, 
Desirable and Optional. These requirements were developed with a knowledge of 
the features which are available in current off-the-shelf Systems. If bid 
documents were prepared which specified the following requirements, a number of 
manufacturers would be in a position to bid their standard systems with few, if 
any, modifications. 

These requirements were developed by MTCS project staff based on the 
analysis of responses received to the MTCS questionnaire and following 
discussions with likely system users and consultants. The requirements are 


Summarized below. 


0-1 Summary of System Requirements 
A. Essential Requirements 


1. Adequate number of control areas and timing plans 

- State-of-the-art offset transition 

Operator manual override 

Traffic-responsive subarea plan changes 

Time-of-day override capability of traffic-responsive plan changes 
Effective on-line error checking of all detectors 

Centralized special function capability 

Modular expansibility 
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- Proven system performance 


pon 
i) 
e 


Traffic engineering language 


_— 
peek 


- 24-hour unattended operation 


a 
DO 


- Automatic restart procedure 


i 
ice) 


- Central input of fixed-time timing parameters 


ee 
Ses 


- Ability to interface conveniently with existing control 
equipment 
- Equipment status monitoring and daily summary reports of equipment 


jt 
OT 


mal functions 

16. Volume and occupancy reports, daily summaries and current status 
reports. 

17. Automatic historical data base generation. 
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18. Adequate reliability of the central master in an office 
environment. 
19. Convenient treatment of flashing advance green. 


B. Desirable Features 
Le Central control of semi and fully-actuated intersections 
ae Critical intersection control 
os Variable amber and all-red intervals 
4. Fail soft and coordinated Stand-by mode 
5 Continuing operation upon disk failure 


oe Optional Requirements 


l. Emergency vehicle priority routing 
Ze Data processing Capability 

oe Remote alarm 

4 Display map 

5 Remote terminal 

6. Stand-by power source 


5.2 Essential Requirements 


1. Adequate number of control areas and Signal timing plans 

Traffic engineering departments normally are limited by manpower to a 
certain amount of analysis. This manpower limitation normally means that 
five or six timing plans at the most will be implemented and that control 
areas which change their timing plans independantly are kept to a minimum 
number. Most cities with three-dial interconnected fixed-time equipment with 
multiple-offset and multiple-split Capability do not take full advantage of 
the present capabilities of their equipment. Computers can provide for a 
number of plans and control areas much beyond that of electro-mechanical 
multi-dial equipment. All existing computer systems exceed the requirements 
of any normal municipality for the number of control areas and timing plans. 


2. State-of-the-art offset transition 

All computer systems have offset transition techniques which are signi- 
ficant improvements over the offset transition Capabilities of other 
systems. Although slight differences exist between systems, they may be 


considered as essentially equal. 
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3. Operator manual override 

In most systems, the operator has control of all individual inter- 
Section timing parameters and all control area plan changes. In systems 
where actuated intersections are controlled, the operator cannot change 
timing parameters such as initial interval and extension from the central 
location unless a system controller is being used. The operator has a 
choice of fixed-time or. actuated control with some systems and can determine 
the background cycle length under which the actuated controller Operates. 
This flexibility normally exceeds the needs of the traffic department. 


4. Traffic-responsive plan changes 

All systems offer some method of traffic-responsive plan selection by 
means Of a pattern recognition algorithms. Differences exist in the exact 
details of the logic, however, little work has been done to indicate the 


advantages of one algorithm relative to another. 


S. Time-of-day override capability of traffic-responsive plan change 

In order for traffic responsive control to be effective the frequency 
of plan changes must be limited to avoid frequent disruptions caused by the 
Changes themselves. Time-of-day override ensures that certain required traf- 
fic plans are implemented and maintained during predictable traffic condi-— 
tions such as rush hours. Outside these perids, traffic responsive selection 
is allowed to function but with a minimum effective duration for each plan. 


6. Effective on-line detector error checking 

| Detectors are the most sensitive components of a computerized traffic 
control system. If the detector information is faulty, poor control deci- 
Sions will be made, both by the real-time elements of the system and by the 
analyst. Good detector error checking can guarantee that bad data will be 
ignored and can point out immediately to maintenance personnel when correc- 


tive measures must be taken. 


7. Centralized special function capability 

The implementation of special features such as flashing amber, all red 
operation, reversible lanes, variable message signs, and variable phasing 
are handled by what is called a special function Capability. These Special 
functions can be implemented on the basis of time-of-day, on the basis of 
traffic volumes, or by a combination of both. The Special function 
capability allows the computer to control any action which is normally 
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controlled by a local time clock without the disadvantages associated with 
time-clock operation such as the need to reset the clock after power 
failure, the requirement to Change the clock with the introduction of 
daylight saving time, and the general imprecision of most electromechanical 
timers. Special functions can also be introduced as a function of traffic 
volumes as part of a traffic-responsive plan change, and on the basis of 
individual detector actuations (e.g. special phasing based on pedestrian or 
vehicle actuation). Centralized special function capability is also valuable 
in that the computer normally monitors the action taken following the 
special function command to verify that the command was properly received 
and implemented. 


8. Modular expansibility 

All systems can be considered to be modularly expansible, however, 
there are differences in the interpretation of the term based on which 
modules can be expanded and the nature of these modules. It is possible to 
modularly expand some systems in order to accommodate more intersections or 
additional functions by adding additional memory modules. Other systems are 
expanded by adding additional central processors as well as additional 
memory, CPU and other central equipment. Some systems are modularly expan- 
Sible in both ways such that, up to a certain point, additional requirements 
can be met by adding additional memory modules, and after this point an 
additional processing unit must be added. The only cost associated with 
expansion in the cost of providing the local communications interface unit 
at the intersection and the communications line hook-up. 


9. Proven system performance 

Based on past performance any newly introduced system experiences a 
considerable period of debugging, development and unsatisfactory perfor- 
mance. In order to try to ensure that contracted schedules and functional 
Specifications can be met with some assurance only systems that have 
successfully demonstrated satisfactory field operation will be prequalified 
to submit bids. 


10. Traffic Engineering Language 
Today all systems are equipped with a user oriented, conversational 
communication language which facilitates the use of the system by non data 


processing personnel. 
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11. 24-hour unattended operation 

All systems today are designed for convenient 24-hour-a-day unattended 
Operation. This feature does not indicate that the equipment will operate 
without failure for long periods of time without breakdown, but rather is 
more related to a system design philosophy which dictates that the system 
will not require regular operator supervision. Today all systems are 
designed with this philosophy in mind, although in certain applications the 
system is used so intensively by the municipality that this is not the 


impression given. 


12. Automatic restart procedure 

Today all systems restart automatically after a power failure. A 
battery operated clock keeps track of correct time during power failures. 
For short power failures of the order of a second or So, the computer will 
behave in a manner similar to electromechanical equipment, essentially 
carrying on from where it was. For longer power failures, the restart 
procedure may involve returning control to the local controller and picking 


up all signals again. 


13. Central input of fixed=time timing parameters 

All systems under consideration control either the cam Shaft or the 
dial of the local controller directly so as to give the computer complete 
control over the length of all, or the most important intervals at the 
intersection. Offsets, splits, and cycle lengths are implemented by the 
computer and therefore in order to modify these parameters an entry into the 
computer is made from the central location and no field trip is necessary. 


14. Ability to interface conventiently with existing control equipment 
All manufacturers have developed or are prepared to develop a 
modification kit or interface unit which allows their computer to control 


existing controllers. 


15. Equipment status monitoring and daily Summary reports of equipment 
malfunctions 

Although details vary among systems, all Systems monitor equipment 
Operation and are capable of pointing out controller malfunctions. Some 
Systems provide written reports of malfunctions only on request and only for 
a specific time period. These are called status report. Other systems auto- 


matically provide a daily summary of all malfunctions detected. The ability 


oe 
to detect all malfunctions particularly in the detector area varies from 
System to system. These reports are a useful aid in problem diagnosis, 
provide for speedier repair of problems, and guarantee that malfunctions do 
not go undetected. If a daily summary report of equipment malfunctions is 
not provided, this information must be extracted from status reports or the 
computer console log. This approach is considered inconsistent with the 
philosophy of an easy-to-use system. 


16. Volume and occupancy reports, daily summaries and current status 
reports . 

Accurate volume and occupancy data can provide valuable information to 
the traffic analyst to assist him in pinpointing and solving traffic 
problems. It is consistent with the overall system philosphy being developed 
for MTCS that this data should be available in a ready-to-use, easily-read 
format. 


17. Automatic historical data base generation 

It is essential that the traffic engineer have access to historical 
data. This access should be easy, the data should be reliable and the 
collection and validity checks on the data should not require any 
involvement from the traffic engineer. 


18. Adequate reliability of the central master in an office environment 

Central control equipment must be able to operate with acceptable 
reliability in an office atmosphere. No special humidity or temperature 
limitations should be imposed by the equipment. 


19. Convenient treatment of flashing advance green 

The use of flashing advanced and delayed green phases is unique to 
Ontario. The implementation, deletion or reversing of directions of 
flashing greens is considered to be an essential feature. This is normally 
accommodated by the special function capability of the central computer. 
However, not all systems allow this to be done in a convenient manner. 


5.3 Desirable Features 


1. Central control of semi and fully-actuated intersections 

If semi and fully-actuated control is required, there can be consider- 
able economies in providing these features through the central computer. In 
addition, the central computer control allows for changes to all semi and 
fully-actuated control parameters without street modification. 


2. Critical intersection control 

By critical intersection control is meant the varying of the split at 
an intersection on a cycle by-cycle basis within a network of signals. This 
mode is considered superior to the use of semi and fully-actuated control 


within an overall grid system. 


3. Variable amber and all-red intervals 

Although little work has been done on the subject, the provision of 
different length amber and all-red periods during periods of time when 
traction is poor, e.g. during and after snow storms, would appear to provide 
some potential for improved safety. Several systems provide this capability 
as a Standard feature and only a few do not. 


4. Fail soft and coordinated Standby mode 

In the event of computer or communications failure, the system must 
return to local control in a way that is 1) safe, 2) non catastrophic in 
terms of traffic control and 3) provide the equivalent of a single dial 
coordinated standby control if communication to the central location is 


maintained. 


9. Continuing Operation Upon Disk Failure 

Most systems require some form of on-line data storage for System 
Operations. Some systems require a disk only for traffic data storage. 
Because of the relatively low Reliability of disks. it. is advantageous to 
have a system that does not rely on the disk for traffic control operations. 


eG Optional Requirements 


I. Emergency vehicle priority routing 

Emergency vehicle priority routing can be provided through either fixed 
time or preemptive logic. The fixed-time logic involves the use of a 
so-called moving green window whereby a period of several seconds of 


oo. 
progressive green movement is provided along a particular route which the 
fire vehicles is expected to take, at a speed which it is expected to 
achieve. The preemptive type of emergency vehicle routing allows the fire 
vehicle itself to preempt each Signal through electronic means. Little 
reliable evidence exists of the value of any form of emergency routing. 
Careful study of this option is required. 


2. Data processing capability 

The central computer can be used for certain useful data processing 
application such as timing optimization, parking and sign inventories, 
accidents records, etc. The data processing can be accomplished either jin 
background mode during traffic control periods or traffic control can be 
terminated and the entire machine devoted to data processing applications. 
The difficulty of the second option is that this requires the data process- 
ing to be done outside of normal business hours. The first option increases 
_the complexity and cost of the computer. 


3. Remote alarm 

During periods of unattended operation, it is desirable that an alarm 
be provided to some work post that is staffed 24 hours a day. If this work 
post is not in the same building as the computer or at a location where the 
normal alarm of the computer is not audiable, it becomes desirable to pro- 
vide an alarm at a remote location so that approriate action can be taken. 


4. Display Map 

The value of a display map has been questioned by some traffic 
engineers. Display maps can be relatively simple or quite elaborate in terms 
of their capabilities. Because of the public relations impact of a display 
map, some kind of map is almost always provided with a computerized signal 


system. 


5. Remote Terminal 

Terminals to provide input and output to the computer at remote loca- 
tions are useful options under circumstances where the traffic department 
may be housed in two different buildings or where a single computer system 
is being used to control signals in more than one jurisdiction. It is even 
possible to access the computer from an intersection under computer control 
to enable the technician in the field to observe the operation of the 


Signals following input changes. 
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6. Standby power sources 

In large municipalities where power to different areas of the CltLynis 
provided from different sub-stations it is possible for power to fail at the 
central facility while remaining in other parts of the city. Under these 
conditions it is often desirable to provide a backup power source for the 
central computer. This capability can be provided in a number of WayS. 


6. SURVEY OF AVAILABLE COMPUTERIZED TRAFFIC CONTROL SYSTEMS 


Information for the survey of available systems was obtained from a number 
of different sources. Thirteen suppliers listed below were contacted and asked 
to provide information; however, not all responded to our request. 


- Automatic Signal Division of LFE Corporation 
- Computer Systems Engineering (CSE) 
- Safetran (TDS and Singer) 

- Multisonics 

- Eagle Signal 

- Computran Systems Corporation 

- Honeywel | 

- Philips Traffic Systems 

- Gammatronix 

- Siemens 

- Sperry Systems 

- Econolite 


After evaluation of the information supplied by the various firms was 
completed, a followup questionnaire was prepared and sent to the following 
companies: 


- Automatic Signal Division of LFE Corporation 
- Computer System Engineering 

- Safetrans 

- Multisonics 

- Eagle Signal 

- Computran Systems Corporation 

- Honeywel | 

- Sperry Systems 

- Econolite 


Other documents were used in the evaluation, such as proposals to a number 
of Canadian and U.S. cities, and systems descriptions obtained from a variety of 
other sources. Numerous telephone and personal contacts were also made. 

It was not possible to give a description of the systems offered by Sperry 
Systems, Gammatronix or Philips because adequate information was not available. 


a0. 
Systems are no longer offered in North America by Econolite and therefore they 
were excluded from the survey. Siemens has a corporate arrangement with . 
Honeywell and do-not offer systems independently in North America. 


6.1 Comparative Evaluation of Available Systems 
Se I EVE aT Ony OF AValLdb ler SYSEeMS. 


Early in the MICS project it was proposed that available "“off-the- 
Shelf" computerized traffic control systems be compared as to the essential, 
desirable and optional characteristics mentioned in Chapter 5. However, a 
number of difficulties in doing this comparison soon became obvious. 

Firstly, all the systems had all or almost all of the characteristics 
mentioned above. Secondly, the details of certain characteristics differed 
(e.g. detector error checking) and it was not always easy to say that one 
method was superior to another, especially since the evaluation was not be- 
ing done for any particular city. Thirdly, most of the manufacturers who did 
not have all of the essential and desirable characteristics would be willing 
to provide those that were missing. Fourthly, documentation from the various 
Suppliers varied in both quantity and quality so that as a result, the 
reviewers knew more about some systems than others. Fifthly, responses to 
questions asked by MICS project staff were answered more openly and in 
greater detail by some suppliers, leading again to a varying confidence in 
the information gathered. And finally, since the evaluation was being 
conducted without a particular city in mind, it became difficult to state 
with confidence that those systems which were more elegant than others would 
be better for all potential end users. 

The consensus of the reviewers was that, potentially at least, any of 
the systems studied could be the most cost-effective in at least some 
Ontario cities if the bid price was attractive. 

This led the reviewers to describe the various systems offered in terms 
of: 

1. Equipment normally supplied, 

2. Unique features, 

3. The essential, desirable or optional features which are not offered of f - 
the-shelf. Claes 

The descriptions are based on the latest information available to the 
MICS project staff but, as mentioned earlier, could occasionally be in error 
because of inadequate documentation, or a misunderstanding by Suppliers of 
questions asked or a misinterpretation of answers. 


tae 

Table 10 shows a description of seven available off-the-shelf Systems 
for which adequate information was available. It shows the manufacturing 
and systems competence of each organization and the extent to which each of 
the systems meets the essential, desirable and optional features which are 
described in Chapter 5. It is interesting to note that all systems claim to 
provide the majority of the essential desirable and Optional features. 

Table 11 shows a tabular comparison of costs for various elements of a 
computerized control system. Estimates were provided by manufacturers but 
the Table does not identify the cost of various systems. The last column in 
the Table indicates a typical cost for each of the various elements. It 
should be underlined that in some cases, additional costs for detector 
installation and preparation of intersections for telephone or other 
communication may be required in addition to these costs. These costs are 
quoted in U.S. dollars and do not include customs duty. The addition of 1/4 
to 1/3 to the prices shown would be necessary to give equivalent costs in 
Canadian dollars in Canada. 


6.2 Detailed system Descriptions 


Extensive well-organized documentation was provided by Eagle Signal and 
Honeywell. These two systems are described below. Comtrac II is one of the 
Simpler, while Honeywell is one of the more sophisticated, of the available 


sytems examined. 


Eagle COMIRAC II 


1. Adequate number of sub-areas and timings plans. 

This system can accomodate up to 15 different sub-areas which are called 
signal groups. Seven timing plans are available of which five may be con- 
sidered usable. Each of these plans contains a single cycle length, 3 off- 
sets and 3 splits which are independent of each other in the manner of the 
more familiar electro-mechanical or P.R. type electronic equipment. This 
means of separating splits and offsets from one to another is related to the 


traffic responsive subplan changing mechanism described later on. 
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Ze State-of-the-art offset transition. 

The transition algorithm evaluates the number of cycles required to reach a 
new offset by either lengthening or shortening the cycle length and choses 
the shortest path. It is a system constraint that each signal must re- 
synchronize itself in a maximum of 5 cycles. Cycle length may be increased 
by 17%. This system uses dial dwell as the control technique. If hardware 
proves to be a constraint in shortening the cycle length so that the inter- 
section cannot re-coordinate within 5 cycles, then the cycle length is in- 


creased in order to arrive at the new offset. 


3e Traffic responsive subarea plan changes. 

For each subarea of signal group smooth average volume and smooth average 
occupancy is calculated for a number of detectors. These detectors are 
divided into groups for inbound, outbound and cross-street traffic. A basic 
plan or cycle length in chosen based on the highest volume plus weighted 
Occupancy figure for any inbound, outbound or cross-street detector. An off- 
set pattern, which within one plan is limited to a choice of three, is 
chosen from a comparison of inbound versus outbound flow levels. The split 
can be selected in two different ways. Each split can be tied to a particu- 
lar offset so that the choice of offset determines the choice of split. ox sa 
Separate split pattern can be chosen based on the greater of inbound and 


outbound movements compared to cross-street movement. 


4. On-line detector error checking 
Test are provided for detector oscillation, constant presence, ortlackvor 


count. 


4)" Centralized special function capability. 
No details available. 


6. Modularly expansible. 

For the COMTRAC II system, 32 K memory is the maximum available and is 
Suitable for controlling up to 100 signals and 100 detectors. A recipe book 
approach to system design has been adopted by this manufacturer such that a 
number of optional features are available’ for system software. The inemory 
requirements of each option are known and the system user can choose the 
option which he prefers, but must do so, so that the total requirement does 
not go beyond 32 K. 


396 
te Automatic equipment status reports ' 
A total of 8 separate reports on equipment status are available by time-of- 
day command or by director operator command. 


8. Automatic traffic volume and occupancy reports. 
Vehicle counts at 5, 10 or 15 minute intervals are available by operator or 
time-of-day commands. 


9. Automatic historical data base 
In its off-the-shelf form the system does not provide a historical data 
base. 


roi, SOLL control 

Since this system uses dial dwell, the effect of computer or communications 
failure can never be dangerous. A back-up synchronization pulse is provided 
from the central facility in the event of computer failure. In the event of 
communications system failure, some misalignment of signals on the street 


could be anticipated. 


11. Computer implemented full and semi-actuation. 
Although the manufacturer claims to provide this feature no details were 


given. 


dew Cri kical. intersection,control 
Although the manufacturer claims to provide this feature, no details were 


given. 


to.-  Direcs Cal Control. 
This manufacturer uses dial dwell. 


14. Automatic traffic evaluation 
In its off-the-shelf form, this system cannot undertake the calculation of 


measures of effectiveness such as stops and delay. 


15. Emergency vehicle priority routing 
No special software is provided for this feature but the equipment is 


capable of monitoring external preempts. 
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16. Off-line or background computing capability. 
This system is capable of doing data processing in the off-line mode only. 


17. Display map. 
A large wall type display map is available but details of its operation were 


not provided. 


18. Remote terminal 
A maximum of 3 terminals can be connected to this system. 


HONEYWELL 

Ali Adequate number of subareas and timings plans. 

This system can be divided into 64 subareas. Each intersection can have 30 
seperate timing plans. Unlike the previous system, a timing plan consists of 


any unique combination of cycle, split and offset. 


Bs State-of-the-art offset transition 

This system uses the shortest path method described earlier. If the use of a 
shorter cycle length during offset transition resuits in a long re-synchron- 
ization time because system input parameters for minimum green time are 
violated then a longer cycle length is adopted. 


oe Traffic responsive subarea plan changes. 

A matrix of timing plans is developed for each subarea. A row in the matrix 
is selected based on a combination of smoothed volume and smoothed weighted 
occupancy. A column within the matrix is chosen on the basis of the speed 
calculated for the subarea. The timing plan at the intersection of the row 
and the column chosen is the one implemented. 


A, On-line detector area checking 

9 Detector reliability checks are performed. Comparison of the current 15 
minute detecter count to that found in the historical volume table is made, 
see 9 below. In addition, each count is verified against a global 
undercount and overcount parameter. Checks on minimum and maximum pulse 
Tengths are undertaken. A fifth test involving the number of changes of 
State per unit time is performed to detect communications failures. 
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Sa Centralized special function Capability. 
Special functions are timing plan related, therefore the choice of a timing 
plan by time of day, operator control, or traffic responsive control wil] 
result in the implementation of any combination of a maximum of six special 
functions. 


6. Modularly expansible 

A single CPU of the Honeywell Level 6 computer is adequate for up to 250 
Signals. Memory is available in modules from a minimum of 32 K Vioem om. 
million words. 


7. Automatic equipment status reports 

Controller failure reports and intersection status reports are available on 
request or may be scheduled. These reports are available either to indicate 
the current situation or a summary over a longer period. 


8. Automatic traffic volume and occupancy reports. 
Both status and summary reports are available by detector and by subarea 
which indicate total volume and average occupancy. 


9. Automatic historical data base. 

Two historical data bases are kept. One is a continously updated table giv- 
ing typical volumes by 15 minute period for each day of the week for all 
detectors in the system. This table is used in detector reliability checking 
to record quantities that may be requested for either a volume/occupancy or 
measure of effectiveness report. Raw volume, raw occupancies, smooth vol- 
umes, smooth occupancy are recorded in one second intervals. Stops, delay, 
demand, and congestion are recorded at the end of each controller cycle. 


10. Fail soft control 

Because this system uses camshaft rather than dial control, upon either 
computer or communication system failure, the stand by dial and controller 
cam shaft can be potentially out of synchronization. This can lead to situa- 
tions that while not overly dangerous, are less secure than the situation 


encountered under dial dwell. 


42. 


Stand-by control can be provided in a number of different manners. The most 
common is to provide a stand-by dial whose offset position can be controlled 
and is monitored by the computer. The computer therefore has control over 
the offset on the standby dial and when a termination occurs the controllers 
are kept in synchronization by the 60 cycle line voltage. One cycle length 


and 3 offsets are normally available. 


11. Computer implemented full and semi-actuation. 
This system provides full and semi-actuation from central in a manner 
similar to that of electro-mechanical and solid sate isolated controllers. 


12. Critical intersection control 

Subject to minimum pedestrian constraints, the available green time is 
proportioned among the various phases according to the critical volume and 
occupancy for each phase relative to the sum of the critical volumes and 


occupancies for all phases. 


13. Direct cam control 
Although this system normally uses direct cam control, it is also capable of 
dial dwell control. 


14. Automatic traffic evaluation 
This system provides queue length, number of Stops, delay, demand, and 
congestion for each detector in the system on a cycle-by-cycle basis. 


15. Emergency vehicle priority routing 

In addition to accepting preemptive type emergency vehicle routing, this 
System provides a fixed-time emergency vehicle priority by which a “moving 
green window" is provide for emergency vehicles along pre-determined routes 


upon request. 


16. Off-line or background computing capability 
This system can accomplish both off-line and background data processing. 


uKe 
17. Display map 
A large wall-type map is available with this system. It is capable of dis- 
playing 16 different quantities related to equipment, traffic movements and 
measure of effectiveness. 


18. Remote terminal 
This system can accommodate at least three terminals. 
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7. SYSTEM PROCUREMENT AND INSTALLATION 


The following describes a process for acquiring a computerized traffic Signal 
control system. Three key concepts are involved in this process: 

- The use of functional specifications i 

- A two-step bid process 

- A prime contractor | 


1. Functional Specification 

As indicated earlier a number of adequate off-the-shelf systems are avail- 
able. However these systems vary in certain design details. The use of function- 
al specifications allows the municipality to define the requirements of the 
system it wishes to acquire in functional form, allowing bidders to suggest 
design details as they see fit. In addition to specifications, construction 
plans may be required to complete the tender documents. Plan requirements are 


discussedin Section 7.3: 


2. Two step bid process 

The first proposal sumitted by prospective bidders is an uncosted technical 
proposal. This allows the municipality to determine which design details are 
acceptable and which are not, without disqualifying bidders. Bidders later 
submit a modified technical proposal with costs. This process helps to ensure 
that the lowest priced bid meets the requirements of the specifications. 


3. Prime contractor 

The contract is awarded to a single organization which is responsible for 
the final performance of the system as a whole. This eliminates the need for 
the municipality to identify and at times prove who is responsible when problems 
are encountered. The prime contractor is responsible for the work of al] 
subcontractors. 

Early in the process of system acquisition, a consultant may be contracted 
to assist the municipality in developing specifications. After contract award, 
the role of the consultant usually diminishes and contact between the Supplier 
and the municipality increases. In small cities where in-house resources may be 
limited, consultant assistance may be required during implementation. 

This approach to computer system acquisition in one form or another has 
become the most common one in North America. This process attempts to define 
minimum system requirements in functional form, leaving design details to 


potential system suppliers. 
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Further alternative approaches which should be mentioned are direct negotia- 
tions with suppliers and the total systems management or entrepreneurial 
approach where the municipality's consultant takes a larger role in the design 
of the system. As rule, system components are supplied by several different 
contractors. 

Computerized traffic signal control systems may be acquired in a variety of 
different ways. Depending on the circumstances, the process may be short, simple 
and highly subjective or longer, with considerably more qualitative justifica- 
tion. 

Normal procurement would involve the following seven steps 

1. Council approval and funding committment 

2. Selection of system requirements 

3. Preparation of Tender Documents 

4. Evaluation of technical proposals, costed bids, contract award 

5. System implementation and system acceptance 

As part of the MICS Project, MTC staff and the Project System Consultant 
will assume responsibility for the completion of Steps 2 to 5 with the 


assistance of each municipality participating in the Project. 


7.1 Council Approval and Funding Commitment 

A comprehensive report to council to justify system acquistion and to 
obtain a committment to funding will normally cover many areas. Among these 
areas will be the following tasks: 

- an analysis of traffic problems in the area, their trends and the 
require ments implied for new control equipment 

- a summary of the maintenance problems and the traffic control 
limitations of existing control equipment 

- an estimate of the benefits to be obtained from a new control system 

- an analysis of any other changes that would be required in order to 
accomodate the new traffic control system (e.g. staffing changes, 
new quarters) 

- background on computerized traffic signal control systems and their 
characteristics, and the recommendations of an approach for acquiring 
such a system 

- financial requirements, cash flow, and proposed schedule for computer 

acquisition 

an evaluation of the role of consultants and others in the proposed 
project 

- subjective considerations 
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Although it is feasible that municipal staff could undertake all of the 
above tasks, it is normal that consultants be used because of departinental 
work loads, Tack of familiarity with computerized control systems and pro- 
Curement options, and the desirability of obtaining special expertise and 
objective analysis in determining system need. In cases where the need is 
obvious and urgent, certain of the above steps may be eliminated. 


7.2 Selection of System Requirements 


The selection of required features for the computer system is normal ly 
made by the municipality after discussions with system Suppliers or the 
consultant chosen for the project. The analysis undertaken can be minimal, 
with engineering judgement and subjective considerations determining the 
system requirements or a methodical very rigourous approach can be under- 
taken. (1) The results of this process whether it be the Subjective 
approach or the rigorous approach will lead to a requirement for a system 
that could have several unique features on the one hand or could have a 
number of elements in cominon with existing systems. 

Clearly, off-the-shelf system are potentially less costly than "made- 
to-measure" systems because systems engineering and software design costs 
can be distributed among several different systems. 

Most system suppliers have successfully implemented a number of control 
systems, each having unique features, with the result that today, off-the- 
shelf systems represent the best features of all systems which preceeded 
them. The requirements of most small and medium-sized cities can be met 
through an off-the-shelf system. However, all off-the-shelf systems are not 
the same, and the determination of essential or required system features can 
favour some systems at the expense of others. Additionally, as the number of 
required features and their complexity increases the cost and the complexity 
of the system increases. 

The major concern during this Stage of procurement is to define all re- 
quired features of the system without defining one that is unnecessarily 
complicated and doing this in such a way that a reasonable number of manu- 
facturers will be able to bid on the required system. 


(1) An approach for selecting traffic control systems, NCHRP Project No. 
3-18(3), JHK & Associates, March 1977. 
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7.3 Preparation of Tender Documents 

Specifications can be developed by municipal staff, procured from manu- 
facurers or prepared by consultants. Because of normal work load, municipal 
staff are not usually able to devote sufficient time to this task. Moreover, 
it is usually more efficient if this task is undertaken by someone with 
Specific experience in the area. The specifications provided by manufactur- 
ers are usually specific in several key areas such that the manufacturer who 
provided the specification has a great advantage over other manufacturers 
during the tendering process. 

A specification that is too loose will allow a great number of differ- 
“ent systems to be bid and the danger exists that the lowest price system 
will not be the most cost-effective one yet the city will be obliged to 
accept it. On the other hand, specifications that are too rigid will exclude 
most or all off-the-shelf systems and will result in a system that is too 
costly because of a lack of competition, the requirement for a large amount 
of unique system development, or both. 

Pre-qualification of bidders is frequently undertaken during this pro- 
cess. Potential bidders are normally required to show that they have 
developed either an operational or prototype traffic control system which 
is capable of performing certain required functions. 

An important point in specification development is the concept of the 
prime contractor who is responsible for all elements of the system to be 
provided, even those elements which are subcontracted to others. This re- 
lieves the municipality from the onerous task of deciding (and sometimes 
having to prove) exactly who is responsible for problems which invariably 


occur. 


Engineering plans are required to complete the tender documents. Plans 
provide the detailed information on the work to be undertaken. Their 


purpose is two fold: 


1. To allow potential system suppliers to make an accurate cost 


assessment. 
2. To make the supervision of the contractor's work less difficult 


during installation. 
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The amount of plan preparation required will be determined by the 


following factors: 


1; 


The agency performing the work. 

If municipal forces are to be used for installation activities, the 
requirements for detailed plans is less and it is not necessary 
that the plans be included with the tender documents. If the 
telephone utility is to handle the installation of conduit for 
Signal interconnection, detailed plans do not need to be prepared 


by the municipality as a rule. 


The amount of work to be undertaken. 

If the number of new detector installations, new controller 
cabinets and new signal hardware is large then extensive plan 
preparation may be required if contractors are to carry out the 


work. 


The desire to transfer activities from the specification 
preparation phase to the installation phase. 

Instead of using drawings to show the exact locations of detectors 
and the related necessary construction work, it is possible to 
leave details vague and ask for bids based on x feet of conduit, y 
feet of trenching etc. Although this Simplifies the preparation of 
tender documents, it does require either that plans be prepared at 
a later date or that the work of the contractor be monitored very 
closely. 


The ability to use typical plans. 

If all controllers and cabinets are of a Single type, it is not 
necessary to prepare separate diagrams for each controller and 
cabinet. As the number of different controllers and cabinets 
increases the number of required diagrams increases. 


The amount of work required for the master site preparation. 

The requirement for additional work to prepare the location of the 
computer is dependent upon the space and environmental needs of the 
computer system and the extent to which these can be met without 
modifying existing walls, floors, air conditioning and power 


feeds. 
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Site plans can be prepared in functional form during specification 
preparation so that the successful bidder can provide complete 
engineering plans for the approval of the city during installation 
of the computer system. 


7.4 Evaluation of Technical Proposals, Costed Bids, Contract Award 


The evaluation of technical proposals involves a detailed examination 
Of each bidder's proposal. Bidders will normally offer the alternatives 
which are the cheapest for them to provide. A group of municipal and 
consulting staff normally decides which elements of a proposal meet the 
intent of the specification and which do not. Frequently suppliers do not 
provide sufficient detail to allow reviewers to determine if the functional 
Specification is met. In this case the bidder is reminded that the System 
provided must meet the specification in all respects. 

The end product of this evaluation is a detailed reply to each bidder 
which indicates the acceptable and the unacceptable items in his technical 
proposal. Bidders whose systems meet the technical requirements are then 
invited to submit costed bids. When costed bid documents are received 
the first step normally undertaken is to verify that the lowest priced bid 
still meets the specifications in all respects. 

If the lowest priced system does meet all specification requirements, 
the contract award process is normally straight forward. However, if the 
lowest priced bid does not meet the specification in some respects this bid 
is normally disqualified and the next lowest price bid is evaluated. If the 
deviation from specification is not considered serious, cost-benefit analy- 
Sis may be undertaken in order to determine the most cost-effective system. 

After contract award, a period of negotiation normally takes place be- 
tween the municipality and the successful bidder in order to discuss the 
Suitability of certain details of the proposed system. This is often diffi- 
cult, since a detailed consideration a specific element of the proposed 
System may point out differences in interpretation of the system supplier's 
proposal. Most system suppliers have on staff individuals who are skillful 
at negotiation and it is desirable that the municipality avail itself of 


someone with these skills. 


7.5 System Implementation and System Acceptance 


It is desirable to have the system supplier assume overal] 
responsibility for providing a working system. With "turn-key" systems this 
is accomplished by having the supplier with his subcontractors perform al] 
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the required tasks leading to an operational system. Such "turn-key" systems 
place all the responsibility for implementation sucess on the supplier but 
may result in higher overall cost than is otherwise achievable. An 
examination of implementation tasks reveals a number of tasks which may be 
more economically carried out by local forces under the direction or 
Supervision of the supplier at significant cost savings. 

The following are the major tasks that must be undertaken in the 


implementation phase. 


Controller modification and ICU installation 


Detector installation 

Communications line installation or Bell hookup 
Signal timing plan preparation 

Data base development 

Master facility preparation 


Master controller installation 


Training 


CSR (CO> SSS) Cae a CON hon. 
° e e e ° 


- System integration 


ay 
>) 
° 


System acceptance 


Clearly, master controller installation and system integration (Tasks 
7 and 9) are the responsibility of the system supplier. When Bell lines are 
used Task 3 becomes the sole responsibility of Bell. The telephone company 
generally prepares any engineering plans that are required, and carries out 
the necessary construction. The municipality, however, is billed for the 
full cost of such work. Where the municipality wishes to use its own cable 
and conduit, engineering and construction work can be carried out by the 
system supplier but more usually will be done directly by municipal staff or 
outside contractors under municipal supervision. 

Although controller modification and ICU installation, detector 
installation and master facility installation (Tasks 1, 2 and 6) may fori 
part of the overall procurement contract it again is generally more cost 
effective and of benefit to the municipality to have the work done by local 
contractors under municipal supervision or with municipal participation. 
Where municipal staff can provide close supervision of the work, substantial 
Savings can result from the elimination of the need to prepare detailed 
plans. The experience gained by maintenance and electrical staff in 
modifying controllers and installing ICU's proves useful in later system 


Operation. While the municipality may wish to carry out controller 
modification and ICU installation (Task 1) with local forces for reasons of 
economy and to gain valuable knowledge, it may at the same time still wish 
to place responsibility for overall system performance upon the contractor. 
This may be achieved by requiring the system supplier to prepare drawings 
and instructions describing the work to be carried out in Task 1. The 
supplier can be obligated to inspect and approve local installation 
procedures and practices and indicate his satisfaction if the work meets his 
requirements. The supplier is thus made responsible for local intersection 
equipment operation while not doing the work himself. 

Signal timing plans may be prepared (Task 4) by local staff or by 
consultants under a separate contract. Data base development (Task 5) 
involves the preparation of signal timing and intersection phasing tables. 
This information is then entered by the system supplier into the computer's 
memory bank. , 

Training (Task 8) is provided by the system supplier and includes 
instruction to operators, traffic engineers and maintenance staff. 

System acceptance (Task 10) includes the final testing, and 
commissioning of the system, ending with the formal acceptance of the system 
by the municipality. Acceptance testing includes the demonstration of all 
the functions included in the specifications, and normally a specified 
period of trouble-free system operation. Acceptance test procedures are 
submitted by the system supplier as part of his proposal. In the planned 
MICS Project, the system consultant will review and approve the proposed 
acceptance test procedure and also witness final acceptance testing. Should 
final acceptance not be successful, the supplier will be obliged to cover 
the cost of additional retests. This approach minimizes acceptance testing 
costs and at the same time provides incentive for the system supplier to 
solve all outstanding problems before attempting to carry out final 
acceptance testing. 

The above brief description indicates that many of the installation 
and acceptance tasks can be carried out by local forces. In this way the 
need for consulting services is minimized and costs are kept to a minimum 


while the system supplier still retains responsibility for overall system 


performance. 


8. CONCLUSIONS 


The following conclusions were reached by study staff following the 
examination of the traffic control requirements of Ontario municipalities and 


the investigation of available traffic control systems: 


Municipal Status 


Responses to the MTCS Municipal Questionnaire revealed the following: 


Te A number of existing centralized traffic control systems operating in 
the Province are obsolescent and are increasingly more difficult and 


expensive to maintain. 


oe Several cities lacking centralized traffic control systems perceive a 
need for such systems to meet increasing vehicular demand resulting 


from municipal growth. 


Ss Several new systems will have to be installed in the next two to three 


years. 


LS Several additional systems will have to be installed in the next three 
to five years. 


oe No unusual or unique traffic control requirements were indicated by any 
municipality, making possible the MTCS goal of a standard system for . 


Ontario municipalities. 


6. Municipalities indicate a desire for the Ministry to provide technical 
guidance and support in the selection, installation and operation of 
computerized traffic control systems. 


MICS Requirements 


Analysis of returned questionnaires and contact’ with municipal staff 
led to the identification of the following MTCS requirements: 


Son 
Ls The system must provide two-way communications. 


ie The system must be capable of 24 hour-a-day unattended operation. 


i The system must be such that staff untrained in computer operations be 
able to operate it. 


4, The system must be easily expansible to accommodate anticipated network 
growth. 


Available Systems 
When examined in light of the above as well as other identified traffic 
control requirements it was found that: 


i Several computer-based systems available off the shelf meet the MTCS 
requirements. 


Ze The installed cost of computerized traffic control systems is 
approximately $5000 to $6000 per controlled intersection. 


MTC Role 
The Ministry has a positive role to play in the coordination of the 
acquisition of computerized traffic control systems by the Ontario 


municipalities. 
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9. RECOMMENDATIONS 


The recommendations listed below are based on the conclusions reached in 
this study. The first four recommendations have been accepted by the Ministry 
and participating municipalities and were in the process of being carried out at 


the time of printing of this report. 


I. The Ministry should proceed with Phase II of the MICS Project to assist 
the Municipalities of Waterloo, Durham and Brantford to procure 


computer-based traffic control systems. 


2s The MICS Project should led to the joint procurement of three systems 
from one supplier. Tenders should be based on a single functional 
specification developed jointly by the three municipalities and MIC. 


3s The Project should produce specifications and procedures that may be 


used in future system procurement programs. 


4. A seminar should be given to acquaint municipal traffic engineers as 
well as local traffic consultants with the MICS Project and computer- 
ized traffic control in general. 


ae The MICS Project should continue into Phase III, which will: 

a) Evaluate the performance of the first installed systems as well as 
provide on-going assistance to the three municipalities to take 
full advantage of the traffic control capabilities of their new 
systems. 

b) Encourage and assist other Ontario municipalities in the 
acquisition of computer-based systems. 

c) Develop a method for producing optimum signal timing plans using 
readily available computer-accumulated traffic data. 

d) Undertake research into more effective network control strategies. 

e) Examine ways to further reduce the cost of hardware associated with 
computerized traffic control. 

f) Encourage participation of Canadian industry in supplying future 


hardware needs. 
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Appendix A, Glossary of Terms 


Assembly Language - Computer language understood only by the computer for which 
it is written. More efficient than FORTRAN but difficult to learn to use. A 


large proportion of traffic control programs are written in assembler. 


Background program - A low priority program that is executed only when higher- 
priority programs are not using the system resources. 


Centralized control - Form of traffic signal control in which the ability to 
make control decisions and to issue control commands in placed at one 
location. 


Compiler - A computer program used to translate a source (higher Tevel) language 


program into a machine language program. 


Control subarea - Subdivision of a single control area, generally operating 


under one timing plan. 


CPU - The CPU (Central Processor Unit) is the brains of any computer, containing 
the logic to carry out the programmed instructions. In a microprocessor the 
CPU is generally housed in a single chip. 


Critical Intersection Control (CIC) - Form of cycle-by-cycle split allocation 
used at selected signalized intersections within a closed network of 
Signalized intersections. 


CRT - Cathode ray tube. An electronic vacuum tube with a screen for visual dis- 
play of output data in alphanumeric or graphical form. 


Disc - A device for storing large amounts of digital data in a permanent form. 
The storage device resembles a phonograph record. Information is recorded as 
magnetized bits on the disk. | 


Electromechanical controller - A controller which performs its function by 
having electrical impulses cause mechanical actions to take place. 


Als 
FDM - Frequency Division Multiplexing is a method of transmitting several 
channels of data over one communications line through a multiplexing 
technique using frequency separation. 


First Generation Control - Encompasses a number of traffic-responsive traffic 
control strategies where plans are selected from among a number of plans, 
every 15 to 30 minutes based on measured traffic parameters. 


Floppy disk - An inexpensive, reliable, lower capability disk. See Disk. 


Force-off - Commercial coming from an external source which causes an actuated 
controller to terminate the active phase, and to go to the next phase in the 
Signal sequence requesting right of way. 


Foreground program - A high-priority computer program, usually a real-time pro- 


gram, that pre-empts system resources whenever it requires execution. 


FORTRAN - High level computer language accepted by all minicomputers. Some 
traffic control programs such as UTCS are written in FORTRAN. Language is 
relatively easy to learn to uSe. 


Frequency shift keying (FSK) - A method of frequency modulation whereby ON/OFF 
(MARK/SPACE) information is represented by transmission of tones of different 
frequencies. Two- frequency shift keying (SFSK) uses one tone for MARK and 
another for SPACE. Three-frequency shift keying (3FSK) adds a third tone for 
the IDLE condition when neither MARK nor SPACE is being transmitted. 


Full Duplex - In communications, means the simultaneous two-way independent 
transmission. Requires two pairs of communication lines. Contrast with 


half-duplex. 


Functional specifications - Those specifications which only describe the 
general manner by which a control system shall operate. 


Half-duplex - In communicatoins, means that two-way transmission in opposite 
directions is possible, but not simultaneously. Slower than full duplex. 


Requires one pair of communication lines. 


Interconnected signal system - A number of intersections which are connected by 
direct wire, radio signal, or some other means to affect traffic progression. 
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Interval - The part or parts of the signal cycle during which signal indications 


do not change. 


Isolated controller - Any controller whose operation is unaffected by any other 


controller or supervisory device. 


Local controller - A controller supervising the operation of traffic signals at 


a single or two closely-spaced intersections. 


Loop detector - A vehicle detector consisting of .a loop of wire imbedded in the 
roadway, energized by alternating current and producing an output circuit 
closure when passed over by a vehicle. Sometimes referred to as an inductive 


loop. 


Machine Language - The language of 1's and 0's used by computers. All higher 
level languages are translated by the computer into machine language before 


being stored in memory and used. 


Magnetic detector - A vehicle detector imbedded in the roadway which makes use 
of both the earth's magnetic field and the magnetic change created by the - 
passage of a vehicle over the detector to produce an output circuit closure. 


Magnetic tape - A tape with a magnetic surface on which data can be stored by 
selective polarization of portions of the surface. 


Magnetometer detector - Similar to a magnetic detector, but energized with an 
electromagnetic field, and capable of measuring volume or presence. 


Master controller - A controller supervising the operation of several local 
controllers to coordinate offsets, dial transfer, flashing operation, etc. 


Master-secondary controller - A controller that serves as a local controller — 
at one intersection in addition to serving as a master controller for an 


interconnected system. 


Measures of effectiveness (MOE's) - Indicators of system performance. 
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Microprocessor - Medium to high speed electronic computing device that is 


capable of performing simple arithmetic and logical decision-making 
Operations. The key characteristics of the microprocessor are its small 
physical size and its low cost. Current microprocessors are generally 
packaged in from one to four integrated circuit packages (commonly called 
chips). A typical microprocessor can perform basic arithmetic operations 
such as add and subtract, and make simple decisions such as two-way branching 
following the comparison of two numberical values. Most can also store 
limited amounts of data in internal registers. 


Mini-computer - A 16 bit or 32-bit computer which has many of the capabilities 


of large general purpose computers but cost significantly less. More powerful 
than microprocessors. Suitable for computer-controlled traffic control 
systems. 


Modem - A contraction of modulator/ demodulator. When transmitting data a modem 


converts digital data into a form suitable for transmission over a communica- 
tions link and, when receiving data, the modem reconstructs the data from the 
received signals. See also Modulation, Demodulation. 


Offset - The time relationship expressed in seconds or percent of cycle length, 


determined by the difference between a defined interval portion of the co- 
ordinated phase green and a system reference point. 


On-line - Term used to describe a computer system and the peripheral equipment 


or devices in the system in which the operation of the peripheral equipment 
or devices are under the control of the central processing unit. 


Operating system - All of the programs which extend the capabilities of the 


computer hardware and which made the hardware more easily usable. This 
usually includes the function of controlling and scheduling execution of 
programs, controlling input-output, data management, language translation and 


related services. 


Phase - A portion of a signal cycle during which an assignment of right of way 


is made to a given traffic movement. A phase is composed of green and yellow 


intervals. 
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Phase shift keying (PSK) - A method of digital data tramsmission wherein binary 
information is represented by changes in the phase of a sinusoidal carrier 


Signal. 


Pretimed controller assembly - A controller assembly for the operation of 
traffic signals with predetermined fixed cycle length, fixed interval dura- 


tion, and fixed interval sequence. 


Real-time, traffic-responsive control system - Traffic control system which 
evaluates and selects control tactics continuously on the basis of current 


measures of traffic conditions. 


Request for proposal (RFP) - A written document inviting prospective bidders 


to submit a project proposal. 


Second-generation control - On-line timing-plan generation wherein new timing 
plans are generated approximately every 15 minutes. 


Seni-actuated traffic controller assembly - A type of traffic-actuated control- 
ler assembly in which means are provided for traffic actuation on one or more 
but not all approaches to an intersection. 


Signal Optimization - A process carried out to generate signal settings that 
will minimize some objective function such as travel time, delay or stops. A 
number of computer programs such as TRANSYT, SIGOP, SIGRID exist to perform 


the function. 


Signal timing - The amount of time allocated for the display of a signal 


indication. 


Software - All of the programs executed on a computer system. Contrasted with 


Hardware. 


Specifications - Written documents describing minimum requirements for items 
of work, materials, equipment, etc. 


System controller - A controller designed to operate with a central computer. 
Contains integral communications and offers more flexible control 
capabilities than other controllers. 


63. 
Systems engineering - An approach which views an entire system of components as 
an entity rather than simply as an assembly of individual parts; i.e., a 
system in which each component is designed to fit properly with the other 
components rather than to function by itself. 


TDM - Time Division Multiplexing is a method of serial data transmittion 


through a multiplexing technique using time separation. 


1.2 Employed by Municipality of 

1.3 Name of Department responsible for traffic 
operations. 

1.4 Position of person completing questionnaire. 

1.5 Telephone: 

-1.6 Address: 

1.7 Above government has traffic control signal responsi- 
bility for what towns, cities or municipalities with 
populations over 20,000 or more than 8 signalized 
intersections? 

Name | Population 
mee Please complete one set of the questions 2.1 to 5.6 for 


A PPENDIX B 
MUNICIPAL TRAFFIC CONTROL SYSTEMS (MTCS) 
QUESTIONNAIRE 
iS General 
1.1 Name of person responsible for completing 


questionnaire. 


each place named in 1.7 above 
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Note: 


(o>) 
on 


ey Physical Characteristics 


2.1 Name of municipality 


2.2 Area in square miles 


2.3 Number of signalized © Regional a 
intersections with- Local 
in municipality? MTC 


2.4 Is there a CBD? 

2.5 Number of signalized intersections in CBD? 

2.6 We would like some information about the location of 
Traffic Control Equipment. On a map showing the city 
street system,. drawn to, scade; 


(a) Indicate the location af all signalized inter- 
sections. 


(b) Denote and reference each interconnected signal system. 


(c) Give the location or possible future location of any 
central master controller. 


(d) Show any railway level crossings. 

2.7 Does the municipality allow or favour underground or 
over-head wiring? | 
Underground: allow favour 


Overhead: allow favour 


If the above municipality has fewer than 9 signalized 
intersections and these signals are not part of an arterial 
network you may, if you wish, answer only questions 3.3 and 


4.5 of the remaining questions. 


S20 Existing Tratfic Conditions 


3.1 Please give a brief description of the major 
traffic flow patterns and arterials or supply 
a copy of the most recent traffic volume data for 


the municipality af available. 


3.2 Indicate the location and approximate frequency, 
times and duration of recurring traffic congestion. 


Please. give levels of service where available. 


3.3\° Please comment on any peculiar’ traffic: problems in 
VOuUI we lta, 


eign neamy: <ralfict in industrial are@ “at quitting 
times 
- heavy traffic following sporting events 


- heavy rail traffic at level crossings 
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Hardware Inventory 
4.1 Please indicate below the major types of controllers 


being used in the field. 


Manufacturer Model Quantity 


4.2 List any other control equipment, such as master 
controllers, MTSS, or other: central control system. 
Please describe system and type of interconnection 
used and give year of installation. How effective 


is the equipment? 


4. 


5 


Please give a brief description of any interconnected 


system referenced in 2.6(b) and not mentioned above. 


Does the traffic office have access to a computer for 
Cratere Gata Nand Ling Or LOL, screntrfic programming 
use? 

Les No 

If YES, give particulars below: 

Data handling 


Scientific programming 


Please indicate the effectiveness of the present 
traffic control equipment to meet the traffic control 


needs of your municipality. 
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4.6 How many new signal installations are planned for: 


BS AE! wos 


ore! Operations 
bee, What is your present SEaEE size? 
(a) Traffic equipment repair and maintenance staff 
full time 
part time 
Man hours spent on traffic signal 
man 
or control functions by above staff hours 
(pb). Tratfie Technicians 
(c) Traffic Engineers 
(d) Others involved in traffic control - 


specify 


5.2 Where questionnaire is being answered by the regional 
traffic office, please indicate eee and! scope of the 
traffic signal operations performed by any area 
municipality traffic office which is within the 
regional municipality. (i.e. Number of people, 


budgets, responsibilities) 
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What..is the total traffic signal control, budget. tox 


new Signal installations and signal maintenance: 


Municipal MTC Total 
Cost Subsidy 
1975 
CREME 5 
(Projected) 


Please give the name of any local transit. operating 


authority active in the municipality: 


Name, address and telephone number of person to 


contact for further transit related questions: 
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